Cerebral venous sinus thrombosis (CVST) is a rare but potentially serious disorder in children. There is no literature on the long-term neuropsychological and emotional sequelae and implications for quality of life. We studied 17 children who had CVST after the neonatal period, aged between 1 month and 16 years at the time of CVST (mean age at CVST was 6 years, median 4 years 8 months). Five children died during followup. The cause of death was related to CVST in one child. Twelve children participated in a clinical follow-up assessment. Mean follow-up was 2 years 8 months. One child had physical sequelae with impairment of skilled movement. All children had average or high intelligence scores. Two children with CVST due to an uncomplicated mastoiditis had mild cognitive deficits: one child had difficulty with written language; the other had diminished cognitive efficiency with concentration and attention problems associated with decreased psychosocial functioning. Decreased physical wellbeing was reported in three of 12 children. We conclude that children who had survived CVST had a fair prognosis. Most had normal cognitive and physical development, although mild cognitive deficits or decreased physical and psychosocial wellbeing can occur.
Cerebral venous sinus thrombosis (CVST) is a rare but potentially serious disorder in children. A recent study in Canada (deVeber et al. 2001) reported an incidence of 0.67 per 100 000 children per year (including neonatal CVST). In children the most frequent causes are regional infections, such as otitis media and mastoiditis, and chronic systemic illnesses (Barron et al. 1992; Medlock et al. 1992; Holzmann et al. 1999; Lancon et al. 1999; deVeber et al. 2000 deVeber et al. , 2001 Carvalho et al. 2001) . There is little information about the long-term consequences of CVST, especially on neuropsychological sequelae and quality of life.
We studied long-term sequelae from CVST after the neonatal period in children under 16 years of age.
Method
We included children between 1 month and 16 years of age at the time of CVST and who had been treated in our hospital between 1984 and 2002 . Diagnoses of children with CVST were retrieved from the hospital registry, which used the criteria of the International Classification of Diseases (ICD-9; World Health Organization 1970). The medical records were studied to collect information about clinical features, medical history, risk factors such as pro-thrombotic disorders, and cause of CVST. Computer tomography or magnetic resonance imaging were reassessed to confirm the CVST diagnosis in all patients (thrombus visible in sinus, focal ischaemic or haemorrhagic lesions in territories compatible with venous obstruction, or both).
Patients and their parents attended hospital for a followup clinical and psychological assessment and to complete questionnaires for quality of life assessment. The medical condition at follow-up was assessed by using the guidelines for measuring disease outcomes according to the International Classification of Impairments, Disabilities, and Handicaps (ICIDH) of the World Health Organization (World Health Organization 1990). A neurological examination was performed to assess impairments and disabilities. We assessed neuropsychological consequences with tests for intelligence, memory, and behavioural regulation, as reported previously (De Schryver et al. 2000 , Blom et al. 2003 . In addition, verbal functions, i.e. articulation, comprehension, and expression, were tested as were writing, reading, and copying line drawings. Because of the different ages of the children, different tests were used. Quality of life was investigated with the Child Health Questionnaire (Landgraf et al. 1996) . The parent form (CHQ-PF50) is suitable for parents of children aged 4 years and older. The child form (CHQ-CF87) is appropriate for children of about 10 years and older. Individual outcomes were compared with data obtained from a population of Dutch school children: CHQ-PF50, 353 children of ages 5 to 13 years (Raat et al. 2002a ); CHQ-CF87, 444 school children of ages 9-17 years (Raat et al. 2002b (TABLE I) Records of seventeen children (10 males, seven females) were retrieved from the hospital registry and included in the study. Mean age at the time of the CVST was 6 years (median 4 years 8 months; range 6 months to 15 years 10 months).
Presumed causes
Twelve children had a regional infection. In 10 children this was a mastoiditis, which was complicated by meningo-encephalitis in two children. Three children (two with acute lymphatic leukaemia and one with non-Hodgkin's lymphoma) had a prothrombotic disorder. They were treated with chemotherapy at the time of the event, which included asparaginase. One child, described earlier (child 15; van Mierlo et al. 2003) , had sickle cell disease and one had a chronic graft versus host disease after bone marrow transplantation for malignant histiocytosis.
Clinical presentation
Twelve children presented with symptoms of raised intracranial pressure (headache, vomiting, visual disturbance, papilloedema, abducens paresis, or decreased consciousness). Eight patients had epileptic seizures and three had a focal paresis. One child with mastoiditis had no neurological symptoms, but only spiking fever. In this child, the CVST was diagnosed on contrastenhanced computerized tomography after mastoidectomy.
Radiological evaluation
In 12 children the sigmoid sinus was involved. Cerebral venous infarcts were found in four children; in three of them haemorrhagic transformation had occurred. A small intraparenchymal haematoma was found in two other patients with a hypercoagu- lability disorder. Two children had an epidural abscess, one child with a fracture of the temporal bone and an otitis media and mastoiditis, but no indications of recent trauma. Another child had multiple intracerebral abscesses and a subdural empyema.
Treatment
Of the 10 children with mastoiditis, nine were treated with mastoidectomy (with punctuation of the sinus and if possible with thrombectomy) and antibiotic therapy. One died before treatment could be started (see below). Steroids were administered in five children (in two also because of their concomitant illness: children 9 and 16). To reduce raised intracranial pressure, lumbar puncture was performed in one patient and an external lumbar drain was inserted in another. Two children received heparin treatment during hospitalization and four were treated with oral anticoagulant therapy (including one child with otitis media). All eight children with seizures received antiepileptic medication, varying from one dose to prolonged treatment. (Table II) Five children had died after the CVST: three at an early stage and two during the follow-up period. One child with CVST due to mastoiditis and dehydration died on the same day as the first symptoms of the thrombosis, because of bronchopneumonia and cardiac failure. Another child with CVST due to mastoiditis, meningo-encephalitis, and sepsis died 7 days after the CVST had been diagnosed, because of a cardiac tamponade. One (child 10) had Down syndrome. He remained in a persistent vegetative state after CVST and meningo-encephalitis, complicated by diffuse cerebral ischaemia with oedema. This child died within one month, after discontinuation of supportive medical treatment. After initial long-lasting and apparently good recovery from CVST, two children died about one and three years after CVST from generalized infections, as complications of nonHodgkin's lymphoma and acute lymphatic leukaemia.
Timing and cause of death

FOLLOW-UP
At follow-up, mean age of the remaining 12 children was 8 years 7 months (median 8 years 6 months; range 2 years 8 months to 20 years). Mean follow-up time was 2 years 8 months (median 2 years 6 months; range 4 months to 7 years 4 months). in 11 of the 12 children who had survived until follow-up evaluations. One child had a mild disability of skilled movement. Two children reported frequent headaches, which were diagnosed as chronic daily headache, and one of them continued to have frequent otitis media. Four of the eight patients who had epileptic seizures in the acute phase of the thrombosis were still alive. One of them was still being treated with antiepileptic drugs at the time of follow-up, one year after the thrombosis.
Physical condition (
Cognitive functioning (Tables III and IV)
Data from two children were excluded, as their command of the Dutch language was insufficient. All 10 remaining children had intelligence scores in the average or above average range.
Specific problems of speech, language, and figure copying were not found. However, in two of the 10 children we found mild cognitive problems: one (child 4) had difficulty with written language (reading and writing to dictation) and the other (child 7) had diminished cognitive efficiency. Child 7 had average intelligence scores but problems with concentration, attention, and behaviour. This child needed special education. In both children, CVST had been caused by mastoiditis and had not resulted in intracerebral lesions. (Stinissen et al. 1970) ; RAKIT, Revised Amsterdam Child Intelligence Test (Bleichrodt et al. 1987) ; WmCST, Wisconsin Modified Card Sorting Test (Nelson 1976) ; CST-C, Card Sorting Task for Children (Schouten et al. 2000) ; -, these functions could not be tested in very young children. a RAKIT subtest standard scores are recalculated to mean=10; b WISC-R subtest; c learning locations (Schouten et al. 2002). children in the Dutch reference group: one (child 11) was often tired, had frequent headaches and otitis media, and often missed school because of these complaints; the second (child 15) had to visit hospital on a regular basis because of exchange transfusions for sickle cell anaemia. Her parents reported attention problems; the third (child 6) complained frequently about mild pain or bodily problems, and the parents had concerns about the health of this child. On the Psychosocial Summary scales, two children (child 7 and child 12) scored significantly below average: child 7 with diminished cognitive efficiency found with neuropsychological assessment was rated as having symptoms of an attention deficit with hyperactivity, child 12 suffered from severe obesity not related to CVST. Five children completed the CHQ-CF87 themselves. Only one (child 11) qualified her general health and physical functioning as significantly below normal when compared with a reference group of Dutch school children. One (child 12) had a self-esteem below average. Two children (child 12 and child 17) had more feelings of anxiety and depression than the reference group. Patient 12 mentioned his obesity as causing his poor self-esteem and feelings of depression, and child 17 had just ended the relationship with her boyfriend, which may have influenced the test results.
Quality of life (
In summary, three of the 10 parents found that CVST had negatively influenced physical well-being, and had affected psychosocial functioning possibly in one. One of the five children qualified her general health and physical functioning as significantly below normal because of CVST.
Discussion
This is the first study reporting neuropsychological and quality of life assessment in children after CVST. Two of 10 children had mild cognitive deficits. The parents of three other children experienced a negative influence of CVST on physical wellbeing, whereas psychosocial dimensions of quality of life were diminished in one of the two children with cognitive deficits.
PATIENT CHARACTERISTICS
In our series, infection and systemic illnesses were frequent predisposing factors for CVST, which is comparable to other studies (van der Baan et al. 1988 , Barron et al. 1992 , Medlock et al. 1992 , Garcia et al. 1995 , Spandow et al. 1997 , Lancon et al. 1999 , Holzmann et al. 1999 , Carvalho et al. 2001 , deVeber et al. 2001 . As in those studies, children often presented with seizures or symptoms of raised intracranial pressure, such as headache, blurred vision, papilloedema, and impaired consciousness, rather than with focal deficits. Frequently the sigmoid sinus was involved and sometimes (haemorrhagic) infarcts were found.
FOLLOW-UP
Physical condition
A large study (deVeber et al. 2001 ) described 160 children (91 non-neonates) with CVST. Follow-up assessment was performed after a mean of 18 months. Eight per cent had died (4% as a consequence of the thrombosis itself and 4% because of an associated disease). In our study, only one patient had died immediately after the venous thrombosis. The other children had died from a concomitant illness.
In the present study, the physical outcome of the children who had survived was favourable, as only one of the 12 children had a mild disability. Neurological deficits were found by deVeber et al. (2001) in 38% of the children they studied. Other studies report neurological deficits in 0 to 40% (Barron et al. 1992 , Medlock et al. 1992 , Holzmann et al. 1999 , Lancon et al. 1999 , deVeber et al. 2000 , Carvalho et al. 2001 .
Cognitive functioning
In the study by deVeber et al. (2001), cognitive impairment was found in 3.8% and developmental delay in 3.4%. The authors did not describe any specific method of cognitive testing and no relationship with age, but their percentage of cognitive deficit appears to match our findings.
Although the outcome for cognitive functioning was positive as all children in our study obtained at least average intelligence scores, we found mild cognitive deficits in two of the 10 children. One child had a delay in acquisition of reading and writing, and experienced problems at school. The other child showed diminished cognitive efficiency that was attributable to problems with concentration, attention, and behaviour. He had to follow special education. In these two children no intracerebral lesions were found, which indicates that the cognitive deficits may be caused by other mechanisms than venous infarctions. In three children who were still very young when assessed, cognitive deficits may become obvious later, when scholastic tasks will be more abstract, which is usually after the age of six (Banich et al. 1990 ). This assumption is not without foundation, as shown from the results of a study of adults with CVST (see de Bruijn et al. 2000) ; in this study, neuropsychological functioning was assessed at follow-up in 47 patients and revealed in 35% cognitive impairments and in 40% symptoms that led to restrictions in lifestyle. In a long-term follow-up study after ischaemic stroke in children (mean follow-up of 7 years 1 month), general cognitive functioning showed a significant shift towards lower intelligence levels (De Schryver et al. 2000) .
Quality of life
Quality of life has been touched upon by just two questions in one study of children with CVST (deVeber et al. 2000) : 67% of the parents stated a complete recovery of their child. In the present study, parents of seven of the 10 children reported normal physical well-being after CVST. Problems in cognition or social problems or both may have been caused by the cerebral damage itself, but may also have been the consequence of the interaction between a child with a serious illness and variables in the child's environment (Yude et al. 1998 ).
It should be noted that some patients with CVST may have been missed and so were not included in our series, especially in the first period of this study in the 1980s when imaging techniques were not of the quality available now. In the initial years of the study, a few patients who actually had CVST may have been given the diagnosis benign intracranial hypertension, because both diagnoses may present with raised intracranial hypertension. Also, the search for pro-thrombotic risk factors became more extensive over the period of this study (1984 to 2002 ) with a concomitant increase in knowledge about them. We think that a search for risk factors that are positively associated with an increased risk for CVST in childhood is necessary (factor V, protein C, protein S, elevated lipoprotein(a); Heller et al. 2003) . A similar argument, i.e. of increasing knowledge, holds for the different types of treatment. Nowadays, physicians often treat patients with CVST with low molecular mass heparin followed by oral anticoagulants, because there is a clear tendency for better outcome (de Bruijn et al. 1999 , Stam et al. 2003 . The results of our study could, therefore, have been more positive if all children had been treated in this way and screened for all risk factors associated with an increased risk of CVST.
Furthermore, although our study describes results from only a few children, we nevertheless obtained reliable information for the sequelae of CVST in the physical and neuropsychological domains and also for the quality of life of children at non-neonatal ages. It is possible that the positive results of cognitive functioning and quality of life in this study are related to the good physical outcome of patients in this group, which is better than the physical outcome of patients in the larger study of deVeber et al. (2001) . A larger study would be helpful in obtaining more precise data of the consequences in later life and the determinants of a poor prognosis.
Conclusion
CVST in childhood is a rare but potentially serious disease. If the child survives, long-term outcome with respect to physical sequelae appears to be favourable, but mild cognitive deficits and a reduction in quality of life may occur.
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